The title trinuclear compound, [Cu 3 (C 5 H 8 NS 2 )Cl 2 (C 6 H 15 P) 3 ], has the dithiocarbamate ligand symmetrically chelating one Cu I atom and each of the S atoms bridging to another Cu I atom. Both chloride ligands are bridging, one being 3 -and the other 2 -bridging. Each Et 3 P ligand occupies a terminal position. Two of the Cu I atoms exist within Cl 2 PS donor sets and the third is based on a ClPS 2 donor set, with each coordination geometry based on a distorted tetrahedron. The constituents defining the core of the molecule, i.e. Cu 3 Cl 2 S 2 , occupy seven corners of a distorted cube. In the crystal, linear supramolecular chains along the c axis are formed via phosphane-methylene-C-HÁ Á ÁCl and pyrrolidinemethylene-C-HÁ Á Á(chelate) interactions, and these chains pack without directional interactions between them. An analysis of the Hirshfeld surface points to the predominance of H atoms at the surface, i.e. contributing 86.6% to the surface, and also highlights the presence of C-HÁ Á Á(chelate) interactions.
Chemical context
Recent studies have highlighted the potential of ternary coinage metal phosphane/dithiocarbamates as anti-microbial agents. Motivated by the quite significant activity exhibited by R 3 PAu(S 2 CNRR 0 ), R, R 0 = alkyl/aryl (Sim et al., 2014; , lower congeners, i.e. , were investigated and shown to be also potent in this context . A prominent lead compound, Et 3 PAu(S 2 CNEt 2 ), was shown to possess broad-range activity against Gram-positive and Gram-negative bacteria and, notably, was also bactericidal against methicillin-resistant Staphylococcus aureus (MRSA) . Given that Et 3 PAu(S 2 CNEt 2 ) exhibited the most exciting potential amongst the phosphanegold dithiocarbamates, it was thought of interest to extend the chemistry/biological investigations of (R 3 P) 2 M(S 2 CNRR'), M = Cu I and Ag I , to include trialkylphosphane species. It was during these studies that the title compound, (I), was isolated as an incomplete reaction product from the 1:2:1 reaction between CuCl, Et 3 P and NH 4 [S 2 CN(CH 2 ) 4 ]. Herein, the crystal and molecular structures of (I) are described along with a detailed analysis of the Hirshfeld surface. 
Structural commentary
The molecular structure of (I), Fig. 1 , represents a neutral, trinuclear Cu I complex comprising three monodentate phosphane ligands, two chlorido anions, one 3 -and the other 2 -bridging, and a dithiocarbamate ligand. The latter is tetracoordinating, chelating the Cu3 atom, and each sulfur atom also bridges another Cu I atom. As highlighted in Fig. 2 , the Cu 3 Cl 2 S 2 atoms of the core occupy the corners of a distorted cube with the putative eighth position being occupied by the quaternary-carbon atom of the dithiocarbamate ligand. As listed in Table 1 , there are systematic trends in the Cu-donoratom bond lengths. To a first approximation, the Cu-P bond lengths are about the same. As anticipated for the Cu1 and Cu2 atoms, the Cu-Cl bond lengths involving the 3 -chlorido ligand are systematically longer than those formed with the 2 -chlorido ligand. Despite being chelated by the dithiocarbamate ligand, the Cu3 atom forms longer Cu-S bond lengths than do the Cu1 and Cu2 atoms, an observation correlated with the presence of two electronegative chloride anions in the donor sets for the latter. The coordination geometries for the Cu1 and Cu2 atoms are based on Cl 2 PS donor sets while that of Cu3 is based on a ClPS 2 donor set, Table 1 . While being based on tetrahedra, the coordination geometries exhibit wide ranges of angles subtended at the copper atoms, i.e. 30, 28 and 53 , respectively. The wider range of angles about the Cu3 atom can be traced, in part, to the acute angle subtended by the dithiocarbamate ligand. A measure of the geometry defined by a four-atom donor set is 4 (Yang et al., 2007) . Based on this index, 4 values of 1 and 0 are computed for ideal tetrahedral and square-planar geometries, respectively. The 4 values calculated for the Cu1-Cu3 atoms in (I) are 0.84, 0.86 and 0.78, respectively, i.e. consistent with distortions from tetrahedral geometries.
Reflecting the near equivalence in the pairs of Cu-S1 and Cu-S2 bonds, the associated C-S bond lengths are equal within experimental error, The molecular core in (I) highlighting the 'incomplete cube'.
Figure 1
The molecular structure of (I), showing the atom-labelling scheme and displacement ellipsoids at the 70% probability level. 
Supramolecular features
The key feature of the molecular packing in (I) is the formation of linear supramolecular chains along the c axis, Fig. 3a and Table 2 . The 2 -chlorido ligand accepts two phosphane-methylene-C-HÁ Á ÁCl type interactions to form a linear chain. Centrosymmetrically related chains are connected via pyrrolidine-methylene-C-HÁ Á Á(chelate) interactions where the chelate ring is defined by the Cu1,S1,S2,C1 atoms. Such C-HÁ Á Á(chelate) interactions are now well established in dithiocarbamate structural chemistry (Tiekink & Zukerman-Schpector, 2011) and are gaining greater recognition in coordination chemistry (Tiekink, 2017) . The supramolecular chains pack in the crystal with no directional interactions between them, Fig. 3b .
Hirshfeld surface analysis
The Hirshfeld surface analysis of (I) was performed in accord with a recent study of a related dithiocarbamate complex (Jotani et al., 2016) . The presence of tiny red spots near the Cl1 and methylene-H20B and H22B atoms on the Hirshfeld surfaces mapped over d norm in Fig. 4 is indicative of the double-acceptor (C-H) 2 Á Á ÁCl interaction. In the view of the Hirshfeld surface mapped over the calculated electrostatic potential in Fig. 5 , the light-blue and pale-red regions around the electropositive and electronegative atoms result from the polarization of charges about the donors and acceptors, respectively, of the intermolecular interactions. The immediate environments about a reference molecule within the shape-index-mapped Hirshfeld surfaces in Fig. 6a and b highlight the intermolecular C-HÁ Á ÁCl and C-HÁ Á Á(chelate) interactions, respectively.
722 Tan Table 2 Hydrogen-bond geometry (Å , ).
Cg1 is the centroid of the (Cu,S1,S2,C1) chelate ring. Symmetry codes: (i) x; y; z À 1; (ii) Àx þ 1; Ày þ 1; Àz þ 1.
Figure 3
The molecular packing in ( 
Database survey
The isolated Cu 3 ( 3 -Cl)( 2 -Cl)S 2 core observed in (I) appears to be rare in the literature, being structurally observed only in one other structure with general formula, M 3 ( 3 -X)( 2 -X)S 2 , incidentally, a dithiocarbamate complex. Thus, in the Ru II species, Ru 3 (CO) 3 (S 2 CNEt 2 ) 4 Cl 2 , a discrete Ru 3 ( 3 -Cl)( 2 -Cl)S 2 core is found but where the 2 -S sulfur atoms are derived from four dithiocarbamate ligands and each Ru II atom is coordinated by two additional sulfur donor atoms leading to trans-RuCClS 4 octahedral coordination geometries (Raston & White, 1975) . While other structures are known with the specified core, the core is embedded within higher nuclearity clusters or in coordination polymers. Figure 5 A view of the Hirshfeld surface for (I) mapped over the calculated electrostatic potential in the range À0.071 to 0.030 au. The red and blue regions represent negative and positive electrostatic potentials, respectively.
There are twenty crystal structure containing copper with dithiocarbamate and phosphane ligands in the crystallographic literature (Groom et al., 2016) . The majority, i.e. 12 conform to the tetrahedral CuP 2 S 2 motif observed in the biologically active bis(phosphane)copper(I) dithiocarbamate compounds mentioned in the Chemical Context Tan et al., 2016) . Similar coordination geometries are found in two binuclear structures with bis(dithiocarbamate) ligands, as exemplified in (Ph 3 P) 2 CuS 2 CN(CH 2 CH 2 ) 2 NCS 2-Cu(PPh 3 ) 2 (Kumar et al., 2009) . There are two related complexes but with a 1:1:1 ratio of copper, dithiocarbamate and phosphane, as exemplified by [Et 3 PCu(S 2 CNEt 2 )] 2 (Afzaal et al., 2011) . One of the remaining structures is neutral and octanuclear with formula (Ph 3 P) 4 Cu 8 ( 4 -SC 6 H 4 Br-4) 4 ( 2 -SC 6 H 4 Br-4) 2 (S 2 CNMe 2 ) 2 ÁMeO(CH 2 ) 2 OMe (Langer et al., 2009) . Here, each sulfur atom of the dithiocarbamate ligand bridges two different Cu I atoms. The common feature of the remaining three structures is that they are charged and feature bidentate phosphane ligands. The simplest of these is formulated as [(dppm) 2 Cu 2 (S 2 CNMe 2 )][ClO 4 ] 2 ÁEtOHÁ0.25H 2 O where the dithiocarbamate ligand is bidentate bridging as is the dppm ligand (Huang & Situ, 2003) ; dppm = Ph 2 PCH 2 PPh 2 . In the trinuclear mono-cation {(dppm) 3 Cu 3 ( 3 -I)[S 2 CN-(CH 2 Ph)CH 2 (2-thienyl)]}I, the dithiocarbamate ligand bridges two Cu I atoms and simultaneously coordinates a third Cu I atom via one of the sulfur atoms only (Rajput et al., 2015) . The final structure to be described is related to the former whereby one bis(phosphane) ligand has been replaced by a dithiocarbamate ligand with the ejection of the 3 -iodido species, i.e. From the foregoing, it is obvious there is considerable structural variability in these systems arising in part from the ability of the dithiocarbamate ligands to adopt quite diverse coordination modes.
Synthesis and crystallization
Complex (I) is an unexpected product from the in situ reaction of CuCl, Et 3 P, and NH 4 [S 2 CN(CH 2 ) 4 ] in a 1:2:1 ratio. The preparation was as follows: NH 4 [S 2 CN(CH 2 ) 4 ] (SigmaAldrich, 0.5 mmol, 0.082 g) dissolved in isopropanol (5 ml) was added to an isopropanol solution (5 ml) of CuCl (SigmaAldrich, 0.5 mmol, 0.05 g) at room temperature. Then, a THF solution of Et 3 P (Sigma-Aldrich; 1 ml (= 0.118 g), 1.0 mmol) was added to the reaction mixture followed by stirring for 2 h. The resulting mixture was filtered, diluted with hexane (2 ml) and mixed well. The mixture was left for evaporation at 227 K. A small number of yellow crystals of (I) were obtained after 
Refinement
Crystal data, data collection and structure refinement details are summarized in (Farrugia, 2012) , DIAMOND (Brandenburg, 2006) and publCIF (Westrip, 2010) . included in the refinement in the riding model approximation, with U iso (H) set to 1.2-1.5U eq (C). SHELXS (Sheldrick, 2008 ); program(s) used to refine structure: SHELXL2014 (Sheldrick, 2015) ; molecular graphics:
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ORTEP-3 for Windows (Farrugia, 2012) and DIAMOND (Brandenburg, 2006) ; software used to prepare material for publication: publCIF (Westrip, 2010) . 
Special details
Geometry. All esds (except the esd in the dihedral angle between two l.s. planes) are estimated using the full covariance matrix. The cell esds are taken into account individually in the estimation of esds in distances, angles and torsion angles; correlations between esds in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of cell esds is used for estimating esds involving l.s. planes. 
Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (Å

